We present the asteroseismic study of the early red-giant star KIC 4448777, complementing and integrating a previous work (Di Mauro et al. 2016, Paper I), aimed at characterizing the dynamics of its interior by analyzing the overall set of data collected by the Kepler satellite during the four years of its first nominal mission. We adopted the Bayesian inference code Diamonds (Corsaro & De Ridder 2014) for the peak bagging analysis and asteroseismic splitting inversion methods to derive the internal rotational profile of the star. The detection of new splittings of mixed modes, more concentrated in the very inner part of the helium core, allowed us to reconstruct the angular velocity profile deeper into the interior of the star and to disentangle the details better than in Paper I: the helium core rotates almost rigidly about 6 times faster than the convective envelope, while part of the hydrogen shell seems to rotate at a constant velocity about 1.15 times lower than the He core. In particular, we studied the internal shear layer between the fast-rotating radiative interior and the slow convective zone and we found that it lies partially inside the hydrogen shell above r ≃ 0.05R and extends across the core-envelope boundary. Finally, we theoretically explored the possibility for the future to sound the convective envelope in the red-giant stars and we concluded that the inversion of a set of splittings with only low-harmonic degree l ≤ 3, even supposing a very large number of modes, will not allow to resolve the rotational profile of this region in detail.
INTRODUCTION
Although stellar rotation has long been recognized as an important mechanism capable of strongly affecting stellar structure and evolution (e.g., Maeder 2009), a clear understanding of the processes that transport and redistribute angular momentum in stellar interiors at all viscosity (Eggenberger et al. 2017) , internal gravitywaves excited at the edge of the convective regions (Charbonnel & Talon 2005) and magnetic mechanisms, such as magnetic torques (Gough & McIntyre 1998; Spruit 1999 Spruit , 2002 Spada et al. 2010) . In all the considered cases, due to a poor core-envelope coupling, the resulting internal rotation profiles are characterized by very fast-spinning cores and slowly rotating envelopes with a shear layer in between (e.g., Eggenberger et al. 2012) .
In recent years, asteroseismology with the Kepler satellite (Borucki et al. 2010 ) has opened a new era, providing us with unprecedented tools for studying the internal rotation profile and its temporal evolution in a large sample of stars with different mass and evolutionary stages. The detection of pulsation modes with mixed g-p character in subgiant and red-giant stars, has strongly helped to progress in modeling the angular momentum transport mechanisms operating in stellar interiors. In particular, rotational splittings of oscillation frequencies have shown that the cores of red giants are rotating from 5 to 20 times faster than the envelopes (Beck et al. 2012; Deheuvels et al. 2012; Mosser et al. 2012a; Deheuvels et al. 2014; Di Mauro et al. 2016; Triana et al. 2017 ). This unexpected found, at odds with the current theoretical models that predict rotation rates at least 10 times higher than observed (Eggenberger et al. 2012; Marques et al. 2013; Ceillier et al. 2013; Cantiello et al. 2014) , implies that a still unknown process (or processes) redistributing angular momentum inside the stars must be operating at certain phases of the evolution and calls for new efforts both to implement more efficient physical mechanisms into stellar evolution codes and to get stringent constraints from observations. The notion of a shear layer at the bottom of the convection zone had been present in evolutionary models for some time prior to its observational discovery. The existence of the 'tachocline' (Spiegel & Zahn 1992) , the layer of strong radial shear around the base of the convective zone, was firstly proved in the Sun by Brown et al. (1989) . Its discovery offered a solution to the puzzle of the apparent absence of a radial gradient of rotation in the convection zone that could drive a solar dynamo, leading to speculation that the dynamo must operate in the 'tachocline' region instead of in the bulk of the convection zone.
The characterization of the shear layer between fastrotating core and slow envelope also in stars more evolved than the Sun is a challenging objective for asteroseismology (Beck et al. 2012; Deheuvels et al. 2014; Di Mauro et al. 2016) . Answering this question would strongly constrain the dominant mechanisms of angular momentum transport in red giants and provides an extremely powerful tool to discriminate among different rotational models, as it has been very recently demonstrated by Klion & Quataert (2017) . They considered two classes of possible theoretical profiles, one where the differential rotation is concentrated just outside the hydrogen burning shell (e.g., Eggenberger et al. 2012) and another one where the differential rotation resides in the convective envelope (e.g., Kissin & Thompson 2015) . Here we try to contribute to distinguish between these two different models, complementing previous studies on the red giant KIC 4448777 (Di Mauro et al. 2016 , hereafter Paper I).
The star KIC 4448777, located at the beginning of the ascending red-giant branch, has been observed by the Kepler satellite for more than four years, during its first nominal mission. More than two years of observations of the star have been analyzed in Paper I. At that time the authors identified 14 rotational splittings of mixed modes and characterized its internal rotational profile using inversion techniques previously applied with success to helioseismic data (e.g., Thompson et al. 1996; Schou et al. 1998; Paternò et al. 1996; Di Mauro & Dziembowski 1998) . They were able to establish that the core of the star rotates rigidly from 8 to 17 times faster than the surface and provided evidence for a discontinuity in the inner stellar rotation located between the helium core and part of the hydrogenburning shell. However, due to the modest number of dipolar mode splittings detected in the spectrum of the star it was not possible to infer the complete internal rotational profile and to distinguish between a smooth or sharp gradient in the angular velocity. In this paper we analyze all the available data collected by the Kepler satellite on KIC 4448777, i.e. more than four years of uninterrupted observations, providing a formal frequency resolution of about 8 nHz, greatly improved with respect to the value of 15 nHz relative to the data-set analyzed in Paper I. The paper is organized as follows: Section 2 describes the method adopted to analyze the oscillation spectrum and to identify the modes, the frequencies and the related splittings. Section 3 presents the details of the asteroseismic inversion carried out to infer the rotational profile of the star, describes the evolutionary models constructed to best fit the atmospheric and asteroseismic constraints and discusses the surface term correction. Section 4 presents the results of the asteroseismic inversion. In Section 5 the possibility of studying the angular velocity profile inside the convective envelope is discussed. Section 6 summarizes the results and draws the conclusions.
DATA ANALYSIS
For the asteroseismic analysis we have used the nearcontinuous photometric time series obtained by Kepler in long-cadence mode (time sampling of 29.4 min). This light curve spans more than four years corresponding to observing quarters Q0-17, providing a formal frequency resolution of 8 nHz. We used the so-called PDC-SAP (pre data conditioning -simple aperture photometry) light curve (Jenkins et al. 2010 ) corrected for instrumental trends and discontinuities as described by García et al. (2011) .
The power spectrum of the light curve, obtained by adopting the IDL Lomb-Scargle algorithm (Lomb 1976; Scargle 1982) , shows a clear power excess in the range (170 − 260) µHz (Fig. 1) due to radial modes, with the comb-like pattern typical of the solarlike p-mode oscillations, and non-radial modes, particularly those of spherical degree l = 1, modulated by the mixing with g modes.
For analyzing the power spectrum we used the Bayesian inference code Diamonds (Corsaro & De Ridder 2014) . In particular, to fit and extract the properties of the individual oscillation modes we followed the procedure presented by Corsaro et al. (2015) for the peak bagging analysis of a red giant star, which we summarize below. First, we estimated the level of the background signal, comprising two granulation-related components, one component originating from signal at low-frequency (e.g. rotational modulation, activity, and super-granulation), a Gaussian envelope containing the region of the oscillations, and a white noise component (see Eq. 1 in Corsaro et al. 2015) . Second, we fixed the resulting background level and replaced the Gaussian envelope with a detailed peak bagging model including a mixture of resolved and unresolved peak profiles (see Eqs.7-8 in Corsaro et al. 2015) , according to the lifetime of each mode. We used Lorentzian profiles for the fit of all the radial and quadrupole modes, while part of the dipole modes were fitted using a sinc 2 profile, as explained by Corsaro et al. (2015) . The oscillation modes were identified using the Tassoul's asymptotic relation for p modes (Tassoul 1980 ) and the asymptotic relation for dipole mixed modes (Mosser et al. 2012b ). We also computed detection probabilities using the Bayesian model comparison to test the significance of those peaks with low signal-to-noise ratio in the power spectrum. Table 1 lists the final set of 77 individual frequencies, including the multiplets due to rotation for the l = 1 modes, together with their uncertainties, corresponding to the values obtained using Diamonds for radial and quadrupole modes, their spherical degree and azimuthal order, and the rotational splittings for 20 dipole modes.
The peaks with a detection probability below the limiting threshold proposed by Corsaro et al. (2015) are marked.
In addition, following the method used by Corsaro et al. (2017) , we estimated the large separation ∆ν using a linear Bayesian fit over the asymptotic relation for the p modes of the central radial mode frequencies, closes to ν max . Our result, with its 68% Bayesian credible interval, is given in Table 2 .
ASTEROSEISMIC INVERSION
The internal angular velocity of KIC 4448777 has been probed by asteroseismic inversion of the 20 rotational splittings obtained from the complete four-year observational data set, by solving the following integral equations:
Equation 1, which relates the set of observed rotational splittings δν i , with uncertainties ǫ i for the modes i = (n, l), to the internal rotational profile Ω(r), is derived from the application of a standard perturbation theory to an equilibrium stellar structure model, in the hypothesis of slow rotation (Gough 1981) and when the rotation is assumed to be independent of latitude. The functions K n,l (r) are the mode kernels calculated on the unperturbed eigenfunctions for modes (n, l) and other physical quantities of the stellar model which best reproduces all the observational constraints of the star (see Sects. 4 and 5 of Paper I for details).
Evolutionary models and surface term correction
In order to select the best structure model of KIC 4448777, we reconsidered all the theoretical models produced by using the ASTEC evolution code (Christensen-Dalsgaard 2008a) for the purpose of Paper I. This was necessary because the new set of observed frequencies is characterized by additional modes and different observational errors with respect to the one used in Paper I. The goodness of the fits between the observed frequencies and the theoretical ones computed for the models has been evaluated by calculating for the set of N modes the total χ 2 between the observed ν obs i and the corrected model frequencies ν mod i
as:
Unfortunately our difficulty to properly model the near surface layers of the stars with outer convective envelopes makes the selection of the best model not so straightforward, since theoretical models of stars are inevitably affected by errors. In fact, there are several physical mechanisms such as convective flux, nonadiabatic properties, interaction with oscillations, equation of state that are still poorly known. These physical processes have been -so far -inadequately investigated, and in most cases even neglected in the stellar model computations. Thus, the theoretical frequencies are generally calculated in the adiabatic approximation, which is certainly inappropriate in the near surface region, where the thermal time scale becomes comparable with the oscillation period. In order to overcome the lack of a proper theory for the description of oscillations in the upper surface layers, it is common procedure to correct the theoretical frequencies by a term found empirically by analyzing the differences between observed and theoretical frequencies and firstly introduced by Kjeldsen et al. (2008) .
Here we applied the surface-effect correction following the approach proposed by Ball & Gizon (2014) , which has been proved by Ball & Gizon (2017) and Schmitt & Basu (2015) to work much better for evolved stars than the approach proposed by Kjeldsen et al. (2008) , which we used in Paper I. Another valid empirical surface correction was also proposed by Sonoi et al. (2015) , whose prescription was not adopted here.
The surface correction proposed by Ball & Gizon (2014) includes two different terms and it is defined by the following equation:
where ν mod n,l are the corrected frequencies, E n,l is the inertia of the given mode normalized by the inertia at the surface, a −1 and a 3 are parameters found by trying to minimize the differences between observed and model frequencies, ν ac is the acoustic cutoff frequency calculated such as:
where ν ac,⊙ = 5000 µHz and T ef f,⊙ = 5777 K are the values measured for the Sun. In Paper I, it was not possible to distinguish which of two selected models, characterized by different parameters, was the closest to KIC 4448777. Table 2 reports for those two models, the mass, the effective New splittings, detected in the complete four-year data set and unrevealed in the spectrum analyzed in Paper I, are reported in boldface.
temperature, the gravity, the surface radius, the luminosity, the initial metallicity Z i , the hydrogen abundance X i , the iron abundance [Fe/H], the location of the base of the convective region r cz , the extent of the He core r He and the large separation ∆ν calculated by linear fit over the asymptotic relation for the corrected radial mode frequencies. The initial heavyelement mass fraction Z i has been calculated from the spectroscopically observed iron abundance using the relation [Fe/H]= log(Z/X) − log(Z/X) ⊙ , where (Z/X) is the value at the stellar surface and the solar value is taken from (Grevesse & Noels 1993) . All the theoretical values are compared with the observed ones in Table 2 . Figure 2 shows the difference between modelled and observed frequencies for Model 1 and Model 2 with and without surface corrections. As it is clearly evident, Model 2, with surface-correction effects included, provides the best fit of the observed frequencies of the star. The use of a larger set of data with respect to Paper I greatly improved the fit, allowing us to definitely discriminate between the two models. It is not surprising the fact that the Model 2 is among the models already selected in the previous article, since the present oscillation frequencies agree with those published in Paper I within about 5 nHz. Model 1 has been now discarded without major doubts, but we decided to report the differences between observed and theoretical frequencies also for this model, to show how a larger set of observations can help to improve the asteroseismic analysis. This was necessary because, as demonstrated by Schunker et al. (2016) and Reese (2015) the choice of a mismatched model can lead to erroneous conclusions about the internal rotational profile.
On the other hand, it was demonstrated in Paper I and previously found by Deheuvels et al. (2014) that no significant difference is found in the inversion results by using different stellar models, if these models are consistent with each other to first order, which means that they are able to match within the errors both seismic and non-seismic parameters. In Paper I it was shown that two selected best-fit models, chosen on the basis of the χ 2 criterion, produce similar inversion results in the core and in the upper layers. Those results for two different models not only agreed with each other, but were confirmed by applying different independent methods. Some discrepancy rising from the use of different models has been found only in the regions above the core, as it is shown in Fig. 7 in Paper I, where the solutions obtained for the two selected models agree within about 2σ errors. Reese (2015) well explained that the reason is that different models might have oscillation modes with different inertia, because of possible different extents of the acoustic and gravity cavities. In the case of red giants, the regions above the core are mostly sounded by modes with mixed g-p character (see the blue shaded region in Fig. 4 which will be described below), whose identification is more crucial than modes with dominant p or g behaviour, respectively better trapped in the convective region and in the inner core. Fortunately, mixed modes of different inertia have very different damping times and profiles in the observed oscillation spectrum. Thus, the analysis of the observations can provide essential information on the gravity or acoustic nature of each detected oscillation mode (see Paper I and Sec. 2) helpful to define the trapping regions inside the star and, as result, the structure of the model. In the following we can proceed by considering with a high degree of confidence only Model 2 as the best-fit model for the star.
KIC 4448777, as it was shown in Paper I, has a degenerate helium core, having exhausted its central hydrogen and it is still burning hydrogen in the shell. The hydrogen abundance and the temperature gradients as a function of the fractional radius plotted in Fig. 3 for Model 2 show the extent of the core with a radius r He = 0.0074R and the location of the base of the deep convective zone r cz = 0.1448R. The convection zone can be easily identified in the lower panel of Fig. 3 as the region where the radiative gradient is greater than the adiabatic one ∇ R > ∇ ad . The diagram in Fig. 4 shows the regions of propagation of the gravity and acoustic modes as delimited by the buoyancy and the Lamb frequencies, respectively. The gravity and acoustic cavities appear to interact mostly in the region around the base of the convective zone at r cz = 0.1448R. This means that this region can be probed by modes with both gravity-acoustic character: the modes which are commonly observed in redgiant stars. The convective region can be probed mainly by modes better trapped in the acoustic cavity, which behave as pure p modes and have an inertia close to that of radial modes. On the other hand, the He core can be probed with modes mainly trapped in the gravity cavity, with very high inertia.
RESULTS OF THE ASTEROSEISMIC INVERSIONS
The inferred rotation rate obtained by applying the Optimally Localized Averaging (OLA) technique (Backus & Gilbert 1970 ) (see Paper I for details) for Model 2 is shown in Fig. 5 , where the points indicate the angular velocity against the selected target radii r 0 . For comparison, the results obtained in Paper I, flagged as 2016, are also indicated. The radial spatial resolution is the interquartile range of the averaging kernels and gives a measure of the localization of the solution. Figure 5 shows that the helium core below r = 0.0074R rotates rigidly with an average angular velocity of Ω c = 746 ± 30 nHz and a maximum value of Ω c = 777 ± 7 nHz at r c = 0.001R.
The rotation starts to slow down gradually as the radius increases just entering the inner edge of the hydrogen-burning shell, while in the interval 0.01R ≤ r ≤ 0.05R, the hydrogen shell seems to rotate nearly at a constant velocity of Ω H = 650 ± 50 nHz.
As predicted by theory, the convective region decouples from the core and the angular velocity further decreases (in some way that we cannot efficiently probe) reaching a constant value of Ω s = 124 ± 21 nHz at the surface. This value is slightly higher than that obtained in Paper I, but still compatible with it within the errors. The small difference is due to the additional dipole modes, better concentrated in the acoustic cavity and then more suitable to probe these layers, detected in the four-year data set whose splittings have been included in the inversion procedure of the present work.
Similar results can be obtained by inverting the set of rotational splittings by using the Subtractive Optimally Localized Averaging (SOLA) technique (Pijpers & Thompson 1992 ), but as already discussed in Paper I, SOLA inversion fails to produce solutions above the He core. Figure 6 shows OLA averaging kernels localized at several target radii r 0 inside the core, obtained by adopting a trade-off parameter µ = 0.001 which minimizes the propagation of the uncertainties and the spread of the kernels (see Sect. 4. of Paper I for details) for the inversion given in Fig. 5 . The new large set of data allows to localize averaging kernels at r = 0.001R in the very inner part of the helium core, while previous data set did not allow to find solutions below r = 0.005R, as shown by the comparison with the averaging kernels obtained in the analysis of Paper I, also reported in Fig. 6 . In Fig.  7 we plot the OLA cumulative integrals of the averaging kernels centered at different locations in the H-burning shell to show the regions of the star where the solutions are most sensitive. The cumulative kernels are characterized by a strong contamination coming from the He core, but the solutions are still well localized with a percentage of 80%.
The rotational shear between core and envelope
In order to shed some light over the efforts devoted during the last decades to improve the understanding of the physics and the development of rotational models of low-mass stars, we considered the problem of characterizing the rotational gradient inside KIC 4448777, between the fast rotating core and the slow envelope. Intrigued by the work of Klion & Quataert (2017) , we compared our results with two possible rotational models which are commonly adopted at present: a rotational model in which angular momentum transport is dominated by local fluid instabilities and the rotational gradient is mainly confined in the hydrogen shell and a model with angular momentum transport dominated by largescale magnetic fields in which the differential rotation is contained within the convective zone.
The application of the OLA inversion technique allowed us to find evidence for a radial gradient around the base of the convective region. As it can be seen in Fig. 5 , the rotational shear layer appears to lie in good part of the shell where the hydrogen is burning, with a centroid placed close to the base of the convection zone at r = 0.1448 and extending from r = 0.05R to a not well defined outermost layer above the base of the convective region, which we cannot fully resolve mainly due to the lack of observed modes able to probe into details the envelope, i. e. modes with low inertia behaving as acoustic modes.
The method fails to localize the shear with an accuracy better than 0.08 R, due to the progressive reduction of the spatial resolution at increasing distance from the core, which characterizes the observed dipole mixed modes employed in the inversion. Moreover, both the insufficient spatial resolution and the intrinsic limit of the inversion procedure itself do not allow to infer any information on the gradient of the rotational profile inside the convective region, as found in Paper I and largely discussed by, e.g., Corbard et al. (1998) .
PROBING THE ROTATION IN THE CONVECTION ZONE
The results obtained raised the natural question about the future capability to sound the regions above the Hburning shell in the hypothesis that additional rotational splittings will be available for the inversion.
In the attempt of answering this question, we used the forward seismological approach as described in Paper I, adopting Model 2 and computed artificial splittings from a simple fictitious input rotational profile with a rotational gradient occurring inside the H shell: Ω(r) = 750 nHz r ≤ 0.05R; Ω(r) = 120 nHz r > 0.05R. Two sets of artificial splittings have been inverted: 1) a set which includes rotational splittings relative to each detected dipolar mode given in Table 1 , which means a total of 20 splittings; 2) a set which includes rotational splittings for all the theoretical modes with harmonic degree l = 1, 2, 3, which means a set with 298 splittings. We are aware that the set 2) represents an ideal extreme case. Figure 8 shows the comparison of the results obtained by inverting set 1) and 2) and we can conclude that: by using rotational splittings of low harmonic degree, even with very large set of data, there is no possibility to identify the presence of a steep rotational profile, like that due to the step-like function adopted; the resolution provided by the modes included in the inversion process tends to smooth out the high gradient present in the fictitious rotational profile considered. The set which includes 298 splittings of low harmonic degree improves only the radial resolution, but does not help to better distinguish the shape of the rotational profile in the convective zone. However, the inversion succeed to place the rotational shear layer and we obtain that the rotation begins to decrease at r = 0.05R, where the step is exactly located in our input rotational law. We would like to point out that we were able also to correctly infer the position of the rotational shear adopting step-like rotational profiles with gradients located at different depths inside the H shell.
It is clear that the quite low radial resolution in this region depends strongly on the absence -in the inverted set -of modes able to probe the region above r = 0.1R. This region, as it is shown in Fig. 4 , is mainly probed by mixed modes with low inertia, hence with more acoustic character. These modes are too few in the present set of data.
SUMMARY AND CONCLUSIONS
The results of the present work, obtained by handling a larger set of mixed mode splittings, allowed us to disentangle the details of the rotational internal profile in the red giant KIC 4448777 better than in Paper I.
Thanks to the detection of new splittings of mixed modes, more concentrated inside the He core, we have been able to reconstruct the angular velocity profile deep into the interior of the star down to r = 0.001R, while in Paper I solutions reached at most r = 0.005R. The internal rotational profile of the star appears slightly more complex than predicted by current theories. In Paper I we found a constant rotational velocity inside the He core and a smooth decrease from the edge of the He core through the H-burning shell. With the new data we confirm that the He core rotates rigidly from r = 0.001R to r = 0.007R, then the angular velocity slowly decreases as the radius increases first in the layer of transition between the He core and at the H-burning shell, around r = 0.007R. Furthermore, we found that part of the hydrogen burning shell appears to rotate rigidly at velocity about 1.15 times lower than the He core, while above r = 0.05R the angular velocity begins to decrease gradually with the increase of the radius. Hence, in KIC 4448777 the theoretically predicted shear layer between the fastspinning core and the slowly rotating envelope is located inside the H shell, above r ≃ 0.05R, while no definitive conclusion can be drawn on its thickness. As a matter of interest, in the Sun the 'tachocline' is located just below the convective region at about 0.7 ± 0.005R ⊙ and has a thickness of about 0.05 ± 0.03R ⊙ (e.g., Corbard et al. 1998; Di Mauro & Dziembowski 1998; Schou et al. 1998) .
Our result about the location of the rotational shear layer, agrees with that obtained by applying the method proposed by Klion & Quataert (2017) , which uses the ratio between the minimum rotational splitting of pdominated modes, min(δν p ) and the maximum rotational splitting of g-dominated modes, max(δν g ), measured in the spectrum of red giants, as an indicator of the location of the rotational shear layer inside these type of stars. According to the prescriptions of Klion & Quataert (2017) for less evolved red giants (R ≃ 4R ⊙ ), the value of the ratio which, in our data for KIC 4448777 is 0.348, supports our conclusion that most of the differential rotation is very likely located in the radiative interior of the star, with the rotational profile starting to decrease in the H burning shell.
In the convective region, decoupled from the radiative interior of the star, the angular velocity drops down reaching at the surface a value which is about 6 times lower than in the He core. Unfortunately nothing can be deduced on the profile of the rotational gradient in the convective layer, due to the limited number of modes able to probe efficiently the convective envelope and employed in the inversion procedure. Further we theoretically considered, by applying a forward seismological approach and using a fictitious rotational law, the possibility for the future to sound the convective envelope in the red-giant stars by using larger sets of data obtained, i. e., with longer time series. We found that a very large set with only low harmonic degree l ≤ 3 will improve only the spatial resolution in the convective region, while no additional information about the shape of the rotational gradient will be deduced.
We can conclude, that although the development of evolutionary codes has reached a satisfactory level of accuracy and reliability, there are still several physical mechanisms about the internal rotation and the extraction of angular momentum, that are still poorly known. These physical processes due to their complexity, sometimes are ignored or just generally controlled by a number of free parameters. Hence, we hope that the present asteroseismic results will have important implications for constraining the dominant mechanism of angular momentum transport in this particular phase of evolution, helping to discriminate among the several mechanisms at present considered. This is the case, for example, of the model based on the presence of an internal magnetic field, which has been proposed for modelling the transport of angular momentum inside an evolving star (e.g., Kissin & Thompson 2015) . The present results seem to disfavor this class of models which lead to a flat profile in the radiative zone. Morevover Cantiello et al. (2014) show that models including the Taylor-Spruit dynamo are not able to reproduce the low values of core rotation rates observed in red giants. For the future, we expect that results on individual stars, like those presented here, will be used to test rotation models, to constrain the variation of the angular velocity within the convective envelope and to test the existence of strong differential rotation across the core-envelope boundary.
